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The Cockcroft-Gault formula should not be used in children.
Background. Although designed for adults, the Cockcroft-
Gault formula was recently proposed for use in children ≥13
years of age.
Methods. We compared the feasibility of the Cockcroft-Gault
formula against the standard pediatric Schwartz formula and a
novel cystatin C–based formula. Our patient cohort included
262 children aged 1 to 18 years with various renal patholo-
gies, who underwent a 99-technetium diethylenetriaminepen-
taacetate (99Tc DTPA) glomerular filtration rate (GFR) renal
scan. Calculations were performed in Syste`me International
(SI) units using published constants and recalculated constants
from our patient population. Agreement was assessed using
Bland and Altman analysis.
Results. Published and recalculated constants for the
Cockcroft-Gault formula were 1.23 and 0.96, respectively, for
boys, and 1.05 and 0.90, respectively, for girls. The published
and recalculated constants for the Schwartz formula were 48
and 49.9, respectively, for boys ≥13 years old, and 38 and 46.2,
respectively, for all girls and for boys <13 years old. Using
published constants, there was agreement between GFR and
Cockcroft-Gault formula in boys ≥13 years old (average bias
5.0 ± 23.5%) while there was an average error of −19.0% ±
36.4% for all ages. Similarly, the average bias with Schwartz for
boys ≥13 years old was −6.8 ± 24.0% and for all patients was
−12.8 ± 24.2%. Using recalculated constants, the average bias
with Cockcroft-Gault in boys ≥13 years old was −19.8 ± 23.5%
and for all patients was −38.5 ± 35.2%. Similarly, the average
bias with Schwartz for boys ≤13 years old was −1.1 ± 24.3%
and for all patients was 3.0 ± 24.0%. The novel cystatin C–based
GFR calculations showed an average error of −4.9 ± 20.3% in
the adolescent boys and 2.4 ± 20.4% for all ages.
Conclusion. Cockcroft-Gault formula showed the worst
agreement with GFR, regardless of using published or recal-
culated constants. The cystatin C–based approach resulted in
the least error, and should be used for estimation of GFR.
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The gold standard for estimation of glomerular fil-
tration rate (GFR) is inulin clearance [1]. As inulin is
no longer available in North America, nuclear medicine
techniques such as 99-technetium diethylenetriamine-
pentaacetate (99Tc-DTPA) clearance studies are used
instead.
Nuclear medicine GFR scans can only be ordered
occasionally because of radiation exposure, cost and
patient burden. The clinician therefore estimates GFR
using a surrogate marker, namely serum creatinine. Cre-
atinine clearance is cumbersome and requires timed urine
collection, which is notoriously unreliable in children.
Therefore, formulas have been developed to estimate
GFR based on serum creatinine and to accommodate
for the height, age, and weight dependency of serum cre-
atinine in subjects with normal renal function. The most
widely accepted formulae are the Schwartz formula in
children [2] and the Cockcroft-Gault formula in adults
[3]. The Schwartz formula includes height and creatinine.
The Cockcroft-Gault formula is based on weight, crea-
tinine, age, and gender. A recent publication examined
the feasibility of applying these formulas to children, and
found that the Cockcroft-Gault formula would be an ap-
propriate estimate of GFR in children over the age of
12 years, and indeed, would be the best estimate among
the formulas studied [4]. However, this claim was based
on calculations using constants assumed to be identical
to those used in adult calculations.
Several conditions should be taken into account. It is
unclear if height and weight provide equivalent anthro-
pometric data in the various formulas for the estimation
of GFR; the Cockcroft-Gault formula has been shown
to overestimate GFR in obese patients [5], limiting its
use in many developed countries where childhood over-
weight and obesity have reached epidemic proportions
[6]. Children with renal disease and transplantation often
suffer from cushingoid steroidal side effects requiring a
weight-independent formula for GFR. Pediatric patients
do not exhibit gender differences unless they are adoles-
cent males [7], whereas gender clearly is important for
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the Cockcroft-Gault formula. Finally, the shortcomings
of serum creatinine as a marker of GFR are well estab-
lished with an up to 80% overestimation of GFR in the
range below 20 mL/min/1.73 m2 [8]. These shortcomings
can be overcome when using cystatin C as a surrogate
marker of GFR [9].
Given these concerns and the reservations about us-
ing a weight-based formula for the estimation of GFR in
children, a recent publication on the use of the Cockcroft-
Gault formula inspired us to embark on a retrospective
analysis of our existing patient database to test the suit-
ability of the Cockcroft-Gault formula, and to compare
the findings with the Schwartz formula and with a novel
formula for the estimation of GFR that has been vali-
dated with cystatin C [10].
METHODS
Trial design
The study was a retrospective analysis of GFR data
collected prospectively from 262 children with various
renal pathologies who had been referred for simultane-
ous determination of nuclear medicine GFR, creatinine,
and cystatin C. The patient population was the same as
that used in a previously sponsored industry study [10].
Patients attending the Pediatric Nephrology Outpatient
Clinic in Ottawa were recruited consecutively unless par-
ents of patients refused participation in the study. Writ-
ten consent was obtained from patients and the parents
in cases of a consenting minor. The local research ethics
board approved the study.
Patients
Two hundred sixty-two children [120 females (46%)
and 142 males, 46 of which were adolescent (32.4%)]
had complete data sets that allowed the calculation of all
three GFR estimates. The main indications for the GFR
measurements were abnormal kidney morphology, num-
ber or positioning (19.5%), various forms of glomeru-
lonephritis (14.4%), obstructive uropathy (13.4%),
reflux nephropathy (13.0%), conditions presenting with
proteinuria (7.9%), oncologic disease with nephropa-
thy (6.8%), condition after renal transplantation (5.1%),
and others (19.9%), including post-hemolytic uremic syn-
drome, diabetic nephropathy, cystinosis, hypertension,
and systemic lupus erythematosis).
Patients with duplicate measurements or missing data
were excluded. We also excluded patients who were
younger than 1 year and beyond the 19th birthday. Very
young patients were excluded because of the ongoing
maturation of renal function and the need for a higher
constant in the Schwartz formula.
Methods
Serum creatinine and cystatin C levels were measured
together with the drawn blood samples for the GFR scans.
All patients underwent a 99mTc-DTPA GFR renal scan as
previously described [10]. 99Tc DTPA GFR shows good
agreement with inulin clearance [11].
Serum creatinine was measured with an enzymatic
assay (Ortho Clinical Diagnostics Inc., Mississauga,
Ontario, Canada). Determination of cystatin C was per-
formed by a peak-rate nephelometric assay using the N
Latex Cystatin C Kit (Dade Behring Inc., Mississauga,
Ontario, Canada) on a Behring BN ProSpec Analyzer
(Dade Behring Inc.).
Formulas
The Schwartz formula reads:
GFR estimate = Height (cm) × constant
serum creatinine(lmol/L)
The factors 38 and 48 are most widely used when measur-
ing creatinine in Syste`me International (SI) units [12].
The Cockcroft-Gault formula reads:
GFR estimate =
(140 − age (years) × weight (kg) × constant
serum creatinine(lmol/L)
The published constants are 1.23 for males of any age,
and 1.05 for females of any age [4].
As enzymatic creatinine tends to be lower than creati-
nine measured by other methods, this may result in bias
when using published constants. We therefore calculated
the actual constant based on the nuclear medicine GFR
for each patient for both the Schwartz and the Cockcroft-
Gault formulas, and then calculated the averages.
We also used a novel formula for estimation of GFR
based on cystatin C [10]:
GFR = anti- log(1.962 + [1.123 ∗ log{1/cystatin C}])
For comparison of the diagnostic performance we limited
our analysis to two groups: Adolescent males formed one
group because the Cockcroft-Gault formula worked par-
ticularly well in that patient cohort [4]; and the pediatric
patients as a whole.
Statistics
All statistical analysis was performed using the Graph-
Pad Prism, version 4.01, for Windows (GraphPad
Software, San Diego, CA, USA). Standard descriptive
statistics were used, and normal distribution was tested
using the Pearson, D’Agostino and Bowman omnibus
normality test [13]. Agreement between 99Tc DTPA GFR
and the various formulae was analyzed by Bland and
Altman plot method [14]. The Bland and Altman plot
is a statistical method used to test agreement between
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Table 1. Bland and Altman analysis using published constants (all
patients)
Schwartz formula
Cockcroft-Gault (k = 38 except
[k (males) = 1.23, boys >13 years, Cystatin C–
k (females) = 1.05] where k = 48) based GFR
Bias −19.0 −12.8 2.4
SD of bias 36.4 24.2 20.4
95% Limit of
agreement
From −90.3 −60.2 −37.5
To 52.3 34.6 42.3
GRF is glomerular filtration rate; SD is standard deviation.
two measurement techniques. In this graphic method the
differences (or alternatively the ratios) between the two
techniques are plotted against the averages of the two
techniques. Horizontal lines are drawn at the mean dif-
ference, and at the mean difference ± 1.96 times the
standard deviation of the differences. The average on the
y-axis is reported as average bias. If the differences within
mean ± 1.96 SD are not clinically important, the two
methods may be used interchangeably.
RESULTS
We obtained complete data from 262 children. Their
ages ranged from 1.0 to 18.9 years with a mean of 10.5 ±
4.9 years. Mean height was 136.0 ± 28.4 cm (range 71.0
to 189.1 cm), mean weight was 39.0 ± 20.5 kg (range 7.5
to 104.0 kg) and mean body surface area covered 1.20 ±
0.43 m2 (range 0.39 to 2.23 m2).
The recalculated average constants for the Schwartz
formula were: 49.9 ± 11.8 for adolescent males and
46.2 ± 12.3 for all other children. Similarly, the constants
for the Cockcroft-Gault formula read: 0.96 ± 0.25 for
males and 0.90 ± 0.29 for females.
All three estimates correlated significantly with the nu-
clear medicine GFR (P < 0.0001). The Cockcroft-Gault
formula derived GFR estimate correlated significantly
with the 99Tc-DTPA GFR, both in adolescent males (r =
0.69, P < 0.0001) and in all children (r = 0.61, P < 0.0001).
The correlation coefficient was better with the Schwartz
formula, both for adolescent boys (r = 0.80, P < 0.0001)
and for all children (r = 0.77, P < 0.0001).
Bland and Altman statistics are summarized in Tables
1 to 4, featuring a comparison of average bias, standard
deviation of bias, and 95% limit of agreement for all three
GFR estimates used. Data are broken down for the pub-
lished constants (Tables 1 and 3) and the newly calcu-
lated constants (Tables 2 and 4) as well as for all children
(Tables 1 and 2) and adolescent males only (Tables 3
and 4).
When analyzing agreement for the published constants,
there was reasonable agreement between the Cockcroft-
Gault GFR estimate in adolescent boys (average bias
5.0 ± 23.5%). However, using the constants calculated
Table 2. Bland and Altman analysis using newly established
constants (all patients)
Schwartz formula
Cockcroft-Gault (k = 46.2 except
[k (males) = 0.96, boys >13 years, Cystatin C–
k (females) = 0.90] where k = 49.9) based GFR
Bias −38.5 3.0 2.4
SD of bias 35.2 24.0 20.4
95% Limit of
agreement
From −107.4 −44.0 −37.5
To 30.4 50.0 42.3
GRF is glomerular filtration rate; SD is standard deviation.
Table 3. Bland and Altman analysis using published constants (boys
>13 years of age)
Cockcroft-Gault Schwartz formula Cystatin C–
[k (males) = 1.23] (k = 48) based GFR
Bias 5.0 −6.8 −4.9
SD of bias 23.5 24.0 20.3
95% Limit of
agreement
From −41.1 −53.8 −44.7
To 51.0 40.2 35.0
GFR is glomerular filtration rate; SD is standard deviation.
Table 4. Bland and Altman analysis using newly established
constants (boys >13 years of age)
Cockcroft-Gault Schwartz formula Cystatin C–
[k (males) = 0.96] (k = 49.9) based GFR
Bias −19.8 −1.1 −4.9
SD of bias 23.5 24.3 20.3
95% Limit of
agreement
From −66.0 −48.6 −44.7
To 26.3 46.5 35.0
GFR is glomerular filtration rate; SD is standard deviation.
based on the actual population, the average bias wors-
ened significantly to −19.8 ± 23.5% for adolescent males.
For pediatric patients as a whole, the agreement was poor
with an average bias of −19.0 ± 36.4% for the published
constants, and −38.5 ± 35.2% using recalculated con-
stants.
The Schwartz formula showed −6.8% ± 24.0% error
for the adolescent boys and −12.8 ± 24.2% error for all
ages when using the published constants 38 and 48. The
average bias was −1.1% ± 24.3% for adolescents, and
3.0% ± 24.0% (SD) for all children, when using the re-
calibrated constants.
The correlation coefficient was best with the cystatin C
formula, both for adolescent males (r = 0.85, P < 0.0001)
and for all children (r = 0.82, P < 0.0001). The novel
cystatin C–based GFR calculations demonstrated an av-
erage error of −4.9 ± 20.3% in the adolescent males and
2.4 ± 20.4% for all ages. There was no significant devia-
tion of the regression line of the average between both
estimates and the error from zero.
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DISCUSSION
Our data, taken from an appropriately random sam-
pling of the population of a large pediatric gen-
eral nephrology practice, clearly demonstrates that the
Cockcroft-Gault formula performed poorly and intro-
duced a considerable bias. A bias of −19.0% is clini-
cally unacceptable. The authors who recommended the
use of this formula in children did so based on calcula-
tions utilizing published constants. We were unable to
validate these constants for use in children. This may ex-
plain why the average error that the published group ob-
tained was smaller (−0.3 ± 56.5%) in adolescents and
+19.2 ± 71.3% for all ages). With recalculated constants,
the average bias for the Cockcroft-Gault formula wors-
ened and was −38.5%. There a small average bias of 5.0%
for adolescent boys only, which worsened with properly
recalculated constants.
Although not shown in the Results section, the use of
the published constants for Cockcroft-Gault in all ado-
lescents resulted in an average bias −17.7 ± 29.4%, 95%
limit of agreement between −75.4 and +40.0%, clearly
not acceptable for the clinical routine. Our patient popu-
lation compared to that of reference [4] had a significant
lower proportion of males (54% vs. 64%) (P = 0.0302,
Fisher’s exact test). The high proportion of males in ref-
erence [4] explains why the Cockcroft-Gault formula
performed better in their study. With the recalculated
constants, the average bias for all adolescents reduced to
1.8 ± 29.8%, but the 95% limit of agreement remained
unacceptable with a range from −56.7 to +60.2%. Thus
recalculating the Cockcroft-Gault constants for adoles-
cents as a whole reduced the average bias, but the formula
still performs poorly in these adolescents.
The Schwartz formula performed more robustly when
analyzed with recalibrated constants. However, there re-
mained significant deviation of the regression line of the
average between both estimates and error from zero.
Our study found that the agreement between 99Tc-DTPA
GFR and estimated GFR was best for cystatin C and
prompts the recommendation that, wherever possible,
cystatin C be used for estimation of a patient’s GFR.
CONCLUSION
We conclude that the Cockcroft-Gault formula should
not be used in children, even when recalibrating
the constants. GFR estimates in children should be
based on serum cystatin C concentrations over the
Schwartz formula. Importantly, all formulas only pro-
vide a GFR estimate. A full GFR study cannot be re-
placed when the results are mandatory for treatment
decisions.
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